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SUMMÀRY
At  f i r s t  s i gh t  hyphomic rob ia  a re  o f  o r r l y  r n i no r  impo r tance  i n  t he
me tabo l i sm  o f  C ,  - compounds  (o rgan i c  ca rbon  compounds  wh i ch  do  no t
con ta Ín  ca rbon -Óarbon  bonds )  i n  na tu re .  The i r  g row th  y i e l ds  and
g r o w t h  r a t e s  a r e  r e l a t i v e l y  l o w .  C o n s e q u e n t l y ,  i n  a e r o b i c  e n r i c h -
mon{_a  ^ n  c  - compounds  hyphomic rob ia  a re  rap id l y  ove rg rown  by  o the r
" . 1
m i c r o o r g a n i s m s .  H o w e v e r ,  a s  h a s  b e e n  a m p l i f i e d  b y  t h e  p r e s e n t  i n -
v e s t i g a t i o n s ,  t h e y  a r e  a b l e  t o  s u c c e s s f u l l y  c o m p e t e  w i t h  o t h e r
o r g a n i s m s  u n d e r  s p e c i f i c  e n v i r o n m e n t a l  c o n d i t i o n s .  A t  t h e  s t a r t
o f  t he  i nves t i - ga t j - ons  desc r i bed  j - n  t h i s  t hes i s  g row th  o f  hypho -
m i c r o b i a  h a d  o n l y  b e e n  r e p o r t e d  o n  m e t h a n o l ,  m e t h y l a m i n e  a n d
f o r m a t e .  I n  a d d i t i o n ,  s o m e  s p e c i e s  w e r e  f o u n d  t o  u t i l - i z e  t h e
Cr -compounds  e thano l -  and  ace ta te .  G row th  on  h ighe r  o rgan i c  ca r -
bón  compounds  ( con ta in i ng  two  o r  more  ca rbon -ca rbon  bonds )  was
n o t  p o s s i b l e .  D e s p i t e  t h e i r  l i m i t e d  g r o w t h  c a p a c i t i e s  h y p h o -
m i c r o b j - a  a r e  w i d e l y  d i s t r i b u t e d  i n  n a t u r e .  T h e y  c a n  b e  i s o l a t e d
f r o m  a  v a r i e t y  o f  s o i l  a n d  w a t e r  s a m p l e s ,  m a i n l y  f r o m  r a t h e r
nu t r i en t -poo r  env i ronmen ts  bu t  f r om eu t roph i c  env i ronmen ts  as
w e I 1 .  H o w e v e r ,  l i t t l - e  i s  k n o w n  a b o u t  t h e  s u a n t i t a t i v e  d i s t r i b u t i o n
o f  hyphomic rob ia  i n  na tu re .
I n  c h a p t e r  I I  a  g e n e r a l  i n t r o d u c t i o n  i s  g i v e n  t o  t h e  b i o l o g y ,
phys io l ogy  and  b iochemis t r y  o f  hyphomic rob ia .  Chap te r  I I  a l _so
p resen ts  some  o f  my  own  i nves t i ga t i ons  wh i ch  re l a te  t o  f ac to r s
poss ib l y  j - nvo l ved  Í n  t he  compe t i t i on  be tween  hyphomic rob ia  and
O t h e r  a e f O b i C  C  - r r 1 - i l i z o r q .  A  h i r r h  : f F i n i f r r  f a r  i f S  g f O W t h  S U b -
srrares ror  ; " ; * ' " i ; - ; ; ; i ; "à i ï "^^ iË"  ; ; ; ; ; i ; í  ; " ; " i ; ; r ive advan-
t age  ove r  o the r  i l i . r oo rg r r í sms .  r ' u r t há rmore ,  t he  po ten t i a l  t o
u t i l i z e  n o n - g r o w t h  s u b s t r a t e s  a s  a d d i t i o n a l  c a r b o n  s o u r c e s  w o u l d
enab le  t hem to  u t i l i ze  t he i r  ca rbon -  and  ene rgy  sou rce  more
e c o n o m i c a l l y .  H o w e v e r ,  t h e  r e s u l t s  r e p o r t e d  i n  t h i s  c h a p t e r  d o
n o t  s u s t a i n  e i t h e r  o f  t h e s e  h y p o t h e s e s .
Hyphomic rob ia  a re  no t  on l y  abLe  to  g row  ae rob i ca l l y  bu t  t hey
c a n  a l s o  u t i l j - z e  n i t r a t e  i n s t e a d  o f  o x y g e n  a s  a  t e r m i n a l  e l e c t r o n
a c c e p t o r .  T h e s e  o r g a n i s m s  m a y  f i n d  a n  a p p r o p r i a t e  e c o l o g Í c a I  n i c h e
in  env i ronmen ts  whe re  t hey  can  u t i l i ze  t he i r  comb ined  ab i l i t y  t o
g row  on  C ,  - compounds  and  t o  den i t r i f y .  C2 -compounds  a re  p robab l y
l ess  impo i t an t  i n  t h i s  r espec t  due  t o  se?e re  compe t i t i on  f o r
t hese  s l bs t ra tes  i n  na tu ra l -  env i ronmen ts  ( f o r  examp le  by  den i -
t r i f y i n g  P s e u d o m o r t a s  s p e c i e s )  .
I n  add i t i on  t o  me thano l ,  me thy lam ine  and  f o rma te ,  wh i ch  a re
su j - t ab l -e  g row th  subs t ra tes  f o r  hyphomic rob ia ,  many  more  t yp i ca l
C . , - c o m p o u n d s  o c c u r  i n  n a t u r e .  A  v a r l e t y  o f  h i g h e r  m e t h y l a t e d
o igan i c  compounds  occu r  i - n  l i v i ng  ma te r i a l - .  Deg rada t i on  o f  t hese
c o m p o u n d s  w i I l  p r o d u c e  v a r i o u s  C , - c o m p o u n d s ,  w h i c h  m i g h t  b e  p o -
ten t i a l  g row th  subs t ra tes  f o r  hyphomic rob ia .  One  c l ass  o f  com-
p o u n d s ,  n a m e l y  m e t h y l a t e d  a m i n e s ,  w a s  c h o s e n  f o r  f u r t h e r  s t u d i e s
o n  t h e  p h y s í o l o g y  a n d  b i c c h e m i s t r y  o f  h y p h o m i c r o b i a .  T h e  o c c u r -
r e n c e ,  f o r m a t i o n  a n d  u t i l i z a t i o n  o f  m e t h y l a t e d  a m i n e s  a s  c a r b o n - ,
n i t r ogen -  and  ene rgy  sou rce  and  t he  ox ida t i ve  pa thways  o f  t hese
c o m p o u n d s  i n  b a c t e r i a  h a v e  b e e n  d e s c r i b e d  i n  c h a p t e r  f I I .
Hyphomic rob ia  cou ld  be  se lec t i ve l y  en r i ched  on  t r ime thy lam ine
and  d ime thy l -am ine  unde r  anae rob j - c  cond i t i ons  w i t h  n i t r a te  as
t e r m i n a l  e l e c t r o n  a c c e p t o r  ( C h a p t e r  I V ) .  H y p h o m i c r o b i a ,  w h i c h  h a d
b e e n  p r e v i o u s l y  i s o l a t e d  ( o n  m e t h a n o l )  b y  o t h e r  i n v e s t i g a t o r s ,
r20
were  a l so  f ound  i
From a wide rang(
compounds such ar
methy le thy lamine
growth of hyphom.
The aerob ic  m<
gated in  many mi<
pathways and enz l
I n  c o n t r a s t ,  l i t l
me tabo l i - sm  o f  t h (
a  c h a r a c t e r i s t i c
methy la ted amj-ner
e n z y m e s .  I t  w a s  1
bo l i sm  o f  me thy l i
be  d i f f e ren t  f r o r
chosen  fo r  t h i s  s
th i s  o rgan i sm wa t
On  the  bas i s  (
metabol ic  pathwal
d imethy lamine anc
(Chap te r  V )  .  Du r j
methy lamine two (
these compounds,
d imethy lamine det
p rope r t i es  have  I
hyd rogenase  i s  a r
amine dehydrogenc
ox id i zes  bo th  t r i
t i -on of formaldehl
i ve l y .  The  qompar
by  t h i s  enzyme  i s
dehydrog lenase is
f o re .  The  enzyme
two ,  p robab l y  i c
s to i che iome t r i ca l
a f f i n i t y  c o n s t a r
a m i n e  w a s  f 5 . 6  U l
h ib i t o r  o f  t he  e r
The  k i ne t i c  p r
d imethy lamine de i
s u b s t r a t e  u t i l i z z
o f  H U p h o m í c r o b í u n
in i t i a l  g row th  pL
w i th  concomi tan t
me thy lam ine  i n  t i
o f  d ímethy lamine
t r ime thy lam ine  c (
d imethy lamine ox:
exp lana t i on  imp l :
s i t e  o f  i t s  l o c a -
t r a t i o n s  s u f f i c i <
d imethy lamine de i
subs t ra te  and  t h (
A study on th(
us ing  a  cy tochem:
bound nature o f  1
rnce in  the
rh ich do not
r i e l ds  and
>b i c  en r Í ch -
:own by o ther
n r a c ê n f  i  n -
- t h  o the r
t h e  s t a r t
o f  hypho-
-ne and
. z e  t h e
r : n i  n  t ) r -
t s r r r e  v u !
r nds )  was
hypho-
:  i s o l a t e d
ra the r
t E l l  L J  c t b
d i s t r i b u t i o n
r e  b i o l o g y ,
I I  a l s o
r  f a c t o r s
:ob ia  and
'owth sub-
re  advan-
r t i a l  t o
r r ces  wou ld
'  m a \ r ê
r À n + ê r  Á nu v
'  bu t  t hey
L a I  e l e c t r o n
. o g i c a l  n i c h e
- l - . 1 ' l . i  + . .  ! ^
crwJ_ J_ r Ly LLJ
' a  
n r r ' r l r : h  I  r z
on for
by  den i -
' h i ch  a re
ê  í - r r n i n r - l
y la ted
n  o f  t hese
h t  be  po -
of  com-
e r  s tud ies
he occur-
a s  c a r b o n - ,
o f  t h e s e
I I .
o f  h r r ' l  a m i  n o
c t  ug  c tS
,  wh Ích  had
. i  ^ -  r ^ e ^
r Y o .  L ( , r  5  ,
were  aJso  f ound  to  g row  on  t r ime thy lam ine  and  d . ime thy lam ine .
F rom a  w ide  range  o f  subs t i t u ted  am ines  on l y  some  c r  -  and  c r -
compounds  such  as  mono - ,  d i -  and  t r ime thy lam ine ,  ( d i ) e thy la f i r i ne ,
me thy le thy lam ine  and  (me thy l )e thano lam ine ,  we re  shown  to  sus ta in
g row th  o f  hyphomic rob ia  (Chap te r  IV ) .
The  ae rob i c  me tabo l i sm  o f  me thy la ted  am ines  has  been  i nves t i -
ga ted  i n  many  m ic roo rgan i sms  and  as  a  consequence  t he  deg rada t i ve
pa thways  and  enzymes  i nvo l_ved  a re  f a i r l y  we l l  known  (Chap te r  I I I ) .
r n  con t ras t ,  l i t t l e  a t t en t Í on  had  been  pa id  t o  t he  anae rob i c
me tabo l i sm  o f  t hese  compounds .  The  p resence  o f  mono -oxygenases  i s
a  cha rac te r i - s t i c  f ea tu re  o f  t he  ae rob i c  me tabo l - i c  r ou tes  f o r
me thy la ted  am ines .  Mo lecu la r  oxygen  i s  a  subs t ra te  f o r  t hese
enzymes .  I t  was  t he re fo re  dec ided  t o  s tudy  t he  anae rob j - c  me ta -
bo l i sm  o f  me thy la ted  am ines  i n  hyphomic rob ia ,  s i nce  t h i s  had  t o
b e  d i f f e r e n t  f r o m  t h e  a e r o b i c  m e t a b o l - i s m .  H U p h o m í c r o b i u m  X  w a s
chosen  fo r  t h i s  s tudy  s i nce  t he  phys io l ogy  and  b iochemis t r y  o f
t h i s  o r g a n i s m  w a s  w e l l  d o c u m e n t e d  ( C h a p t e r  I I ) .
O n  t h e  b a s i s  o f  e n z y m e  a c t i v i t i e s  i n  c e l l - f r e e  e x t r a c t s  a
me tabo l i c  pa thway  f o r  t he  anae rob i c  deg rada t i on  o f  t r ime thy lam ine ,
d ime thy l -am ine  and  me thy lam ine  i n  Hyphomic rob t , um X  i s  p resen ted .(Chap te r  V ) .  Du r i ng  anae rob i c  g row th  on  t r ime thy lam ine  and  d i -
me thy lam ine  two  enzymes  a re  i nvo l ved  i n  t he  l n i t i a l  a t t ack  o f
t hese  compounds .  These  enzymes  ( t r ime thy lam ine  dehyd rogenase  and
d ime thy l -am ine  dehyd rogenase )  we re  pa r t i a r l y  pu r i f i ed  and  some
prope r t i es  have  been  de te rm ined  (Chap te r  V I ) .  T r ime thy lam ine  de -
hyd rogenase  i s  an  enzyme  wh i ch  i s  i den t i ca l  t o  o the r  t r ime thy l -
am ine  dehyd rogenases ,  desc r i bed  i n  t he  r i t e ra tu re ,  The  enzyme
ox id j - zes  bo th  t r ime thy lam ine  and  d ime thy lam ine  v í i t h  t he  p roduc -
t ion o f  formaldehyde and d imethy lamine or  methy lamine,  respect -
i ve I y .  The  qompara t i ve l y  s l ow  ra te  o f  ox ida t i on  o f  d ime thy lam ine
b y  t h i s  e n z y m e  i s  o f  l j . t t l e  s i g n i f i c a n c e  i n  v i v o .  D i m e t h y l a m i n e
dehyd rogenase  i s  a  new  enzyme  wh i ch  had  no t  been  desc r i bed  be -
f o r e .  T h e  e n z y m e  h a s  a  m o l e c u l a r  w e i g h t  o f  1 7 6 r 0 0 0  a n d  c o n t a i n s
two ,  p robab l y  i den t i ca l  subun i t s .  D ime thy lam ine  i s  conve r ted
s to i che lome t r i ca l l y ,  i n to  me thy lam ine  and  f o rma ldehyde .  The
a f f i n i t y  c o n s t a n t  ( a p p a r e n t  K * )  o f  t h e  e n z y m e  f o r  d i m e t h y r -
am ine  was  15 .6  uM.  T r ime thy lam j -ne  was  a  po ten t  compe t i t i ve  i n -
h i b i t o r  o f  t h e  e n z y m e  ( K i  7 . L  u M ) .
The  k i - ne t i c  p rope r t i es  o f  t r ime thy lam ine  dehyd rogenase  and
d ime thy lam ine  dehyd rogenase  a l l - ow  an  exp lana t i on  o f  t he  pecu l i a r
subs t ra te  u t i l i za t i on  pa t t e rn ,  obse rved  du r i ng  anae rob i c  g row th
o f  HUphomr , c rob t , um X  on  t r ime thy lam ine  i n  ba t ch  cu l t u re .  I n  t he
in i t i a l -  g row th  phase  t r ime thy lam ine  was  u t i l i zed  as  t he  subs t ra te
w i t h  concomi tan t  accumu la t i on  o f  s to i che iome t r i - c  amoun ts  o f  d i -
me thy lam ine  i n  t he  med ium.  Obv ious l y ,  t h i s  i s  due  t o  i nh ib i t i on
o f  d ime thy l -am ine  dehyd rogenase  by  t r i n re thy lam ine .  On l y  when  the
t r ime thy lam ine  concen t ra t i on  i - n  t he  med ium had  become  ve ry  l ow ,
d ime thy lam ine  ox ida t i on  was  obse rved  ( f  i g .  t ,  Chap te r  V )  .  Th í s
exp lana t i on  imp l i es  t ha t  d ime thy lam ine  dehyd rogenase ,  à t  t he
s i t e  o f  i t s  l oca l - i za t i on ,  i s  exposed  to  t r ime thy lam j -ne  concen -
t r a t i o n s  s u f f i c i e n t l y  h i g h  t o  c a u s e  i n h i b i t i o n .  T h l s  m e a n s  t h a t
d ime thy lam ine  dehyd rogenase  mus t  be  eas i l y  access ib l e  t o  t h i s
subs t ra te  and  t he re fo re  be  l oca ted  i n  t he  cy top lasm ic  membrane .
A  s tudy  on  t he  l oca l i za t i on  o f  d ime thy lam ine  dehyd rogenase
us ing  a  cy tochemica f  s ta i n i ng  t echn ique  revea led  t he  membrane -
b o u n d  n a t u r e  o f  t h e  e n z y m e  ( C h a p t e r  V I I ) .  N o t  o n l y  t h e  c y t o p l a s m i c
T 2 I
membrane  bu t  a l so  i n t r ace l l u l a r  membrane  s t ruc tu res  appea red
t o  s t a i n  p o s i t i v e l y  f o r  t h i s  e n z y m e .  r t  w a s  c o n c l u d e d  i r o m  e l e c -
t r on  m i - c rog raphs  o f  f r eeze -e t ch  rep l i cas  t ha t  t hese  i n te rna l  mem-
b ranes  a re  i nvag ina t i ons  o f  t he  cy top lasm j - c  membrane .  The  p rec i se
loca l i za t i on  o f  d ime thy lam j -ne  dehyd rog ,enase  ( i . e .  j - n  t he  i nne r -
o r  t he  ou te r  s i de  o f  t he  membranes )  cou ld  no t  be  es tab l i shed .
I n  chap te r  V I I I  t he  ae rob j - c  me tabo l i sm  o f  t r ime thy lam j -ne  and
d ime thy lam ine  i s  desc r Íbed .  Du r i ng  ae rob i c  g row th  d ime thy l -am ine
mono-oxygenase  appea red  t o  be  f unc t i ona l  i n  con junc t i on  w i t h
d ime thy lam ine  dehyd rogenase .  As  compared  t o  d imé thy lam ine  de -
hyd rogenase  Í 5 i  7  . - L  uM)  d ime thy ram ine  mono -oxygenaÁe  was  on ry
s c a r c e l y  i n h i b i t e d  i - n  i t s  a c t i v i t y  b y  t r i m e t h y t a m i n e  ( K ;  4 . 2  m M ) ;
as  a  consequence ,  du r i ng  ae rob i c  g row th  on  t r ime thy lam i f i e  (when
d ime thy l -am ine  mono -oxygenase  was  p resen t )  d ime thy lám ine  d id  no t
accumu la te  i n  t he  med ium.  The  a f f i n i t y  cons tan t  ó f  d ime thy lam ine
mono-oxygenase  f o r  oxygen  was  re l a t i ve l y  h i qh  (23 .2  uM)  .  Í r r i s
i n d i c a t e s  t h a t  t h e  a c t í u í t y  o f  t h e  e n z y m e  i s  l o w  a t  l - o w  d i s s o l v e d
oxygen  tens ions .  When  Haphomzc rob ium X  was  g rown  i n  con t i nuous
cu l t u re  on  t r ime thy lam ine  o r  d ime thy lam j .ne  a t  d i f f e ren t  d i sso l ved
oxygen  tens ions  a l so  t he  syn thes ' í s  o f  d ime thy lam i -ne  mono -oxygen -
ase  was  dependen t  on  oxygen  tens ion .  A t  l owe r  d i sso l ved  o *ygó . t
t ens j -ons  t he  spec i f i c  ac t i v i t y  o f  t he  mono -oxygenase  dec reàÁed ,
whe reas  t he  syn thes Í s  o f  d ime thy lam ine  dehyd rógenase  i nc reased .
Assumj -ng  t ha t  d ime thy lam ine  mono -oxygenase  i s  t he  un i ve rsa l  en -
zYme fo r  d ime thy lam ine  ox ida t i on  i n  a l l  ae rob i c  m i - c roo rgan i sms
ab le  t o  g row  on  t r ime thy lam ine  o r  d ime thy lam ine ,  t he  adáed  p rop -
e r t y  o f  hav ing  d ime thy lam ine  dehyd rogenase  w i l r  f avou r  hyphó -
m ic rob Ía  above  o the r  m ic roo rgan i sms ,  because  t h i s  enzyme  r i f f
enable  them to  grow on t r imethy lamine or  d imethy lamine at  1ow
oxygen  tens ions  o r  unde r  anae rob i c  cond j - t i ons  (w i t h  n i t r a te
? 1 r ê e  a n  |  \
l r r  e  /  .
I t  was  demons t ra ted  i n  con t i nuous  cu l t u re  expe r imen ts  t ha t
H u p h o m i a r o b í u m  X  w a s  a b l e  t o  c a r r y  o u t  d e n i t r i f i c a t i o n  a n d
ae rob i c  resp i ra t i on  s imu l t aneous l y .  A t  l ow  g row th  ra tes  ( l ow
s u b s t r a t e  c o n c e n t r a t i o n s )  t n e  s y n t h e s i s  o f  n i t r a t e  r e d u c t a s e
w a s  a l r e a d y  s i g n i f i c a n t  a t  r e l a t i v e l y  h i g h  d i s s o l v e d  o x y g e n  c o n -
c e n t r a t i o n s .  I n  a d d i t i o n  t o  t h e  o l i g o c a r b o p h i l i c  n a t u r e  o f  h y p h o -
m i c r o b Í a  t h i s  c a p a c i t y  f o r  " a e r o b i c "  d e n i t r i f i c a t i o n  m a v ' b e  ó Í
e c o l o g í c a l  i m p o r t a n c e .
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Aan de afbrat
d ie  geen  koo l
de  na tuu r  l e r
s c h e i d e n  b i j <
r e l a t i e f  l a a <
ophoping op (
n ismen worder
d igheden  i n  i
m e n .  B i j  d e  s
a l l e e n  g r o e i
amine en forn
d ingen met  tu
b ru i ken  voo r
d ie  twee of  m
moge l j - j k .  Ond
b i a  w i j d  v e r s
kunnen  u i t  de
v e e J a l  z i j n  d
eu t ro fe  m i l i e
d e  a a n t a l l e n
Naas t  een
b iochemie  van
weergegeven v i
i n z i c h t  t e  k r _
de  concu r renc :
t r o fe  o rgan i s r
zou  he t  o rgan j
z i - ch te  van  anc
gan i_sche  ve rb i
vu l l ende  koo l s
k o o l s t o f -  e n  
€
u i t  dat  hyphon
t i one l -e  koo l s t
a f f i n i t e i t s c o n
de re  me thy lo t r
Hyphomicrob
kunnen ook n i t
accep to r  geb ru
d e n i t r i f i c a t i e
s t e l t  h e n  i n  s
C ,  - ve rb ind inge
om deze  subs t r
d e n i t r i f i c e r e n
Naast  metha
ze  a l - s  g roe i su
komen nog veel
Ve le  hoge re  o r
geme thy lee rd .
sche idenhe id  a
s t ra ten  voo r  h .
b i n d i n g e n ,  d e
ve rde r  onde rzo ,
b i a .  H e t  v o o r k r
